Apple Computer Inc. Patent : 4_910_655 



United States Patent [i9] 

AshldnetaL 



[11] Patent Number: 
[43] Date of Patent: 



4^10,655 
Mar. 20, 1990 



[541 APPARATUS FOR TRANSFERRING 
SIGNALS AND DATA UNDER THE 
CONTROL OF A HOST COMPUTER 

[751 Inventors: Peter B. Ashkln, Los Gates; Mlchad 
dark, Glendale. both of Calit 

[73] Assignee: Apple Computer, Inc^ Cupertino, 
Califl 

[21] AppLNa: 7653< 
[22] Filed: Aig. 14. 19M 



4.628.478 
4,638313 
4.660.14! 
4.667.193 
4,675,813 
4.677.613 
4,701,878 
4,7ia893 
4.716,410 
4,760,533 
4.773,005 
4.775.93! 



12/1986 
1/1987 
4/1987 
5/1987 
6/1987 
6/1987 
10/1987 
12/1987 
12/1987 
7/1988 
9/1988 
10/1988 



HeiKtenoa.3r. ... 
Sherwood. Jr. et i 
Ceccon et al. ..-.- 

Cotic et «L 

Locke 

Sahnond et at .». 
Gunketetal. . — 
McOuchean et al 
Nozald ... — - — - 
Bucldey et aL — 

SuUivaa 

Dickie et aL ...... 



.... 364/900 
340/825.52 
.... 364/200 
340/825.06 
.... 364/200 

370/85 

.... 364/900 
.„. 364/900 
340/825.52 
.... 364/900 
..«, 364/200 
..... 364/200 



(511 

[52] 



[58] 



[56] 



l-t CL* G06F 13/42; G06F 13/14 

US. <X 364/200; 364/222.2; 

364/24X92; 364/260.1; 364/261.2; 364/284.3; 

371/57.2; 340/825.07; 340/825.52 

Field of Settch ... 364/200 MS FUe, 900 MS FOc, 

364/514; 371/22. 57; 340/825.50. 823.52, 

825.51. 825.53. 825.07. 825.0^. 370/85. 94; 

375/55 

Rcfcrencci Cited 



FOREIGN PATENT DOCUMENTS 



0051425 
0104545 
59-52331 
1508854 
1518565 
2035636 
2070826 



8/1982 
4/1984 
3/1984 
4/1978 
7/1978 
6/1980 
5/1984 



European PaL Off. 
Eiirc^)ean Pat. Off. 
Japan . 

United Kingdom . 
United Kingdom . 
United Kingdom . 
United Kmgdom . 



U.S. PATENT DOCUMENTS 



3021,307 
3,646,53* 

3.715,725 
3.787,627 
3,836,888 
3.863,025 
3,979.723 
4,063,220 
4.071,908 
4,34*050 
4,360,870 
4.373,181 
4,442,502 
4,498,169 
4,562,535 
4,568,930 
4,570.220 
4.589,063 
4,595,921 
4,608.559 
4,608,689 
4,611.274 
4,620,278 
4,626,846 



11/1965 

2/1972 
2/1973 
1/1974 
9/1974 
1/1975 
9/1976 
12/1977 
1/1978 
8/1982 
11/1982 
2/1983 
4/1984 
2/1985 
12/1985 
2/1986 
2/1986 
5/1986 
6/1986 
8/1986 
8/1986 
9/1986 
10/1986 
12/1986 



Manning 
MiUer .... 



364/200 
. 360/40 



Kievit et aL 364/200 

Abramsoo et aL 370/67 

Boenke et aL 364/200 

Gonsewski et aL 375/55 

Hughes ct aL 370/31 

Metcalfe et aL 340/825.5 

Brophy et al 364/900 

Jacobsthal 371/57 

McVey 364/200 

Chishohn et aL 364/200 

Friend et al 364/900 

Rozmus 340/825.5 

Vincent et aL 364/200 

Livingston ct al. 340/825.52 

Tetricketal — 364/200 

Shahctal 364/200 

Wang et aL 340/825.08 

Friedman et aL 340/825.5 

Sato 364/200 X 

Machino et aL 364/200 

Ellsworth et aL 364/200 

Parker et aL 340/825.52 






OTHER PUBLICATIONS 
Hill ct al., "Dynamic Device Address Assignment 
Mechanism-. IBM Technical Disclosure Bulletm, vol. 
23. No. 8. Jan. 1981, pp. 3564-3565. 

Primary Examiner—Thomas C. Lee ^ ^ , . 

Attorney, Agent, or Fimi— Blakely. Sokoloff. Taylor & 
Zafoian 

[57] ABSTRACT 

A communications medium for transmitting data be- 
tween a pluraUty of peripheral devices and a host com- 
puter. Only one device may talk on the bus at a time ami 
only in response to a command from the host When a 
peripheral device needs to be serviced, it sends out a 
service request signal by holding the bus low after any 
command signal. The device continues to request ser- 
vice until it receives a talk command from the host 
computer. When more than one device are tte same 
type (for example, two mice) are coupled to the bus, the 
host computer assigns new addresses to the devices. 
Devices detect collisions by sensing a low signal on tte 
bus when they attempt to send a "1". 

17 Claims, 4 Drawing Sheets 
--: i^ 
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generally oaed at a tiine. In additioii, prior art flctwork- 

APPARATUS FOR TRAI^FERRING SIGNAIS ing schemes provide fbr means for attached devices to 

AND DATA UNDER THE CONTROL OF A HOST identiiy themselves to each other tfjrough elaborate 

COMPUIER "handshaking" schemes. Again, such complexity is not 

3 required to connect peripheral devices since there is no 

BACKGROUND OF THE INVENTION need for these devices to identify themselves to other 

1 Fi*Mofthfilnveii*ion devices, only to the host computer. 

i^t^^^T^L field of communictions Therefore, it is an object ofthe P^ent mv«tton to 

m^foT transferring datt bet^-ecn a source and a provide a commnmcations metom ^^,^P^}y^ 

plnraUty of peripheral devices coupled to the source. ^^ peripheral devices, which provrfes a ^P\'^ ^ 

More particidarly, the present invention relates to data cient means for couphng those devices to a host com- 

transfer along a peripheral device bus between a plural- puter. 

ity of peripheral devices and a host computer. it is a farther object <rf the present mvention to pro- 

2. Alt Background . ,, vide a communications medium by which all such pe- 

In the computing industry, it » quite commcm to " rfpheral devices can be coupled to a host computer at a 
transfer data and commands between a plurality of data g^^ input 

processing devices, such as for example, computers, It is still another object of the present invention to 

printers, memories and the like. The interconnection of provide a communications medium which provides a 
computers and other peripheral devices principally means fw peripheral devices to indicate a need for ser- 
developed in the early I9''0*s with the advent of cona- « ^^^^ ^ ^j^ ^^^^ computer. 

puter networking systems, which permitted the distn- ^ ^ y^ another object of the present invention to 

bution of access to computing resources beyond the provide a communications medium which provides a 
immediate proximity of a main frame computer. means for determining if the communications medium is 

Networks, such as the ARPA network, were devci- j^ ^^^ 
oped to provide access by various users to large time- 25 ^^^ another object of the present invention to pro- 
sharing s>'stcms and the transfer of data betweai such ^^ ^ communications medium which allows periph- 
systems. In ifcc case of geographiaUly loca. networks, ^^ operation ofthe system. 

so-caUed "local area networks" (LANs) were devel- erai aevices ra oc aaaca um b ^^ 
oped to connect togrther a collection of computers. SUMMARY OF THE INVENTION 

teirmnals "^dperiphexah lo<^J^^ » communications medium is disclosed including 

wiAd^^ attached to oclier networks. Local area plurality of peripheral devices and a host computer. In 
^^or^^n^meSpV^^ the preferred embodiment, a plurality of Penph^ 

S-tootherwordsTsome ofthe devices coupled to 35 devices such as human mpu devices (mcl^^dmg i^^ 
Ae l«:al area network may be dedicated to perform keyboards, sketchpads, etc.), ap^Uances. listen only 
specific fimctions. such as file storage, data base man- devices, etc., are coupled to a com*-non cable for data 
agemcnl, terminal handling, and so on. By having dif- transmission and reception of commands. A penpnerai 
fcrcnt machines perform different tasks, distributed device coupled to the cable may signal^the host corn- 
computing can make the implementation ofthe system 40 puter when it requires servicing. This peripheral device 
simpUer and more efficient. wUl continue to request serivce until the hosN^^mputer 

Presently, networking has only been applied to pro- conimands it to transmit its data. All peripheralyicvices 
vide communications between data processing devices^^ ofthe same generic type (e.g., all keyboards), nia:'^ve 
which are machine input devices. However -^ it would \ ^^ identical hard wired address used as an indcatif(Satir>n 
also be useful to provide a networkiag means to provide ^5\«iinber- In this manner, the host computer cat identify 
communication between a single computer and 'a plural- tne^generic type of device communicating on the cable, 
ity of peripheral devices such as human input d^via», j^ ^^^^^ ^j^^ Q^g of tjjc game type of device is coupled 
listen only devices, appliances, etc. Human input tievics ^ ^^ ^.^jg ^^ g^ 2 mice), the hosr computer will assign 
include keyboards, cursor control devices (such ^ a ^^ add.-e?ses in the status registers ofthe mice so they 
-mouse"), and sketch pads, etc Listen only devi^^es » can be differentiated. 

include transaction logs, etc. In the prior art, such dv ^ ^^ preferred embodiment, a return to zero modu- 

vices are attached to a host computer through a port j^^^ scheme b used to transmit data and commands 
dedicated to each device. Often, additional "cards" are ^^^ ^^ ^^^^ ^ ^ ^^^^ 3 peripheral device will 
required to aUow a peripheral input device to be added. ^^^ ^ collision if it attempts to transmit a high signal 
Further, the addition of cards reqmres that the host 55 ^^ ^^ ^^^^ ^^ ^^ ^^^^^ .^ ^^^ ^^^ ^^ another 
computer be powered down, with no mechanism for ^ ^^^ ^ simplify the protocol of the system, 

adding peripheral devices to a Uve system. Such pnor ^^ computer can initiate communicaUon. 

art systems are ineffioent smce P^nPf^^^. ^/^^„^/ The present invention permits the addition of periph- 

not generaUy operated .^-"^^^^J^^y* ^ff^^^^^ ^ eral deWces to a computer while the computer is in use. 
someone usmg a mouse is S^^^^^V °£? "f*X^^ J^^ ^ without the need to power down the computer system, 
board or sketchpad at the same tone). Thus, the devices ^™"^ ^^^^^^ ^ ^ ^bodjed in a narrow 
could share a common line to the host computer with- »™ prcscm mvciuiw" ^ ... 1-,,^ ^^^t^ ;„ft_ 

^r^rS d^ traffic problems, elinunati^ the need l»nd »««"»• ^IT" '^^'^^^^'^ °P*«' "^- 
- _j. red and other media. 

f<v cards. 

Prior art networking schemes also include elaborate 65 briep DESCRIPTION OF THE DRAWINGS 



methods for establisMns control of the netw<^k to .,. • . ^ 1 • 

SSwTd,^1ottS.S»chsystemsarenotneed«d FIG. 1 is block dUgram Olustiaang the networkmg 

for networking of peripheral devices, since only one is system of the present invention. 
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FIG. 2 is a tmung dttgnra iDustcatii^ tlw present 
invention's use of return to zero encoding. 

FIG. 3 Ulustntcs a register (^ a periphena device of 
the present invention. 

FIG. 4 is a flow diart iUustrating the sequence of 
operations utilized by a penpheral device to request 
service by the host computer. 

FIG. 5 is a flow chart iUustrating the sequence Uie 
operations utilized to provide new addresses to devices 
sharing the same hard-wired address. 

FIG. 6 is a timing diagram iUustrating a conmiand 
tnnsaction of the present invention. 

DETAILED DESCRIFnON OF THE 
INVENTION 

A peripheral device bus including apparatus and 
methods for transferring data between a pluraUty of 
peripheral devices coupled to a host computw is dis- 
closed. In the foUowing description numerous specific 



that appUance which matches the extended address of 
the appliance. An extended address is an individual 
iitetttification number, which, in the preferred embodi- 
ment, may be up to 64 bytes long. Once the host cc«n- 
puter has provided the extended address, the device 
having that address is active. Subsequent commands to 
the appUance address location wiU be executed by that 
device without the need for providing the extended 
address each time. An activated appliance wiU respond 
to aU commands to the appliance address, while unacti- 
vated devices remain passive. To deactivate an active 
^.yt^nrfw* address device, the host computer provides 
the extended address of another extended address de- 
vice, activating it and deactivating the previously active 
** device. It is contemplated that any device which could 
be controUed by the host computer is suitable for the 
present networking scheme, such as lights, ovens, sprin- 
kler systems, phone answering machines, etc. It is con- 
templated that at least one other hardwired address toe 



10 



cioseo. in inc louoiwuiij ucawn^wju mm*uw»w»» ^^n^^-^ tempiaiea inai ai icasi unc uuk» *i«u«wmw»* ««*«««»> .« 
details are set forth, such as specific numbers, registers, 20 extended address devices be provided in the present 
mAAm»B„^*> *im*a «i0ii«ia_ sfid fomiats. etc» in order to ..„«..^« c^h ««■ >»<^Ar»»n u//miM Iv» wirA fnr svston oro- 



addresses, times, signals, and formats, etc., in order to 
provide a thorough understanding of the present inven- 
tion. However, it will be apparent to one skiUed in the 
art that the present invention may be practiced without 
these specific details. In other instances, weU-known 25 
circuits and devices arc shown in block diagram form in 
order not to unnecessarily obscure the present inven- 
tion. 

Referring to FIG, 1, the preferred embodiment of the 
present invention may be seen. A pluraUty of peripheral 
devices. generaUy identified by numbers 11 through 16 
are coupled through a single cable 7 to a host computer 
10. In the preferred embodiment, aU devices communi- 
cate with the host computer by a mini-phono jack with 
the foUowing coimcctor assignments; tip-power, ring- 
data, sleeve-power return. A "high" signal (1) is 2.4 
volts minimum. A "low" signal (0) is 0.8 vo!ts maxi- 
mum. Although a single cable is contemplated m the 
preferred embodiment of the present invention, other 



system. Such an address would be used for system pro- 
tection schemes or user identification schemes. For 
example, a device at this location could contain an ex- 
tended address which must be provided by the system 
user before the system could be enabled. In other in- 
stances, individual operations could require that the 
extended address of other security devices be provided 
by the host computer prior to performance. Such secu- 
rity devices could function as "keys" to lock the entire 
system or certain operations performed on the system. 

Also reserved few use on the network of the present 
invention are soft address locations 16. Soft address 
locations are reserved for duplicates of peripheral de- 
vices coupled to the bus. When more than one mouse is 
coupled to the bus, for example, the host computer 
asagns new addresses to each mouse, those addresses 
being at the soft address locations. 

Although specific examples have been given for each 



30 



preferred embodiment of the pr^t mvention, other ^^ ^^^^ j^^ ^^ ^^ ^^^ ^j^^^ ^y be more 

communications medta, such as broad band methods. 40 'h- of device with that address. 



SO 



fiber optic systems, and infrared signals, are contem 
plated. 

The bus of the present invention supports coded de- 
vices (for which a keystroke represents a symbol or a 
fimction, such as a keyboard 14), relative devices (in 45 
which movement of a display cursor in response to a 
control device, such as a mouse 11 or 12. may be from 
any starting point), and absolute devices (for which 
there is a constant and direct relationship between dis- 
play position and device position, such as sketch pad 
13). 

The system also permits the networking of extended 
address devices. Extended address devices share a com- 
mon hard wired address 35, but fiirther include an ad- 
dress unique to the individual device which the host 55 
computer must recognize before the device can be ac- 
cessed. Extended addresses 29 for respective extended 
address devices 15 are shown coUectively in FIG. 1 by 
a single block diagram 29 coupled to extended address 
devices 15. For example, it is contemplated that appU- 60 
ances may be coupled to the host computer aiid con- 
troUed by the host computer. In such a situation, aU 
appUances would have an rdentical hardwired fixed 
address. The host computer, on a first level, would 
simple address the hard wired address for appliances. 63 
At this time. aU appUances owipled to that address are 
inactive. An individual appliance may be activated by 
the host computer if the host computer sends a signal to 



than one kind of each type of device with that address. 
For example, a sketch pad has been given as an absolute 
device but a touch screen would also be considered an 
absohite device and be assigned the same fixed com- 
mand address as the sketch pad. In those situations, the 
host computer wiU assign new addresses from the soft 
address locations to each device. 

In the preferred embodiment of the present invention, 
the various peripheral devices have been assigned ad- 
dresses as shown below: 



Addrest 


Device Types 




0000 (zero) 


extended addrcst 


security systemi. 




device 


user ID 


0001 (one) 


extended addren 
device 


appliances 


0010 (two) 


coded devices 


keyboard 


con (three) 


relative devices 


mouse, track ban 


0100 (four) 


absolute devices 


sketchpad, 
touchscreen 


0101 (five) 


reserved 


none 


0U0(sU) 


reserved 




out («eveii) 


reserved 


none 


1000 (d^t) 


soft addressed 


dupucaie penpnerai 
devices 


iiil (15) 


^addressed 


duplicate pertinent 

devices 



I Page 0007 of 0012 



Apple Computer Inc. Patent : 4_910_655 



Flwfa 


01 


Uitai 


10 


Tilk 


11 



4,910,655 

5 6 

It win appreciated by one skilled in the ait that other embodiment a "(T)- After the rtop bit, the bus returns to 

addresses may be assigned to these devices ccmtttning its m^mally high state unless a device requests service. 

more or less bits than in the preferred embodiment The command is an 8 Wt value in the preferred em- 

Fued hart-wired addresses 31, 32. 33 and 34 are shown bodiment The command includes a 4 bit device address 

in FIG. 1 for mouse II. mouse 12. sketch pad 13, and 5 field which specifics the fned hardwired address of the 

keyboard 14, respectively. desired peripheral device <e.g., 001 1 for a mouse). The 

In FIG. 1, dau transmitter/receiver circuit 23 for next 2 bits form the ccwnmand and the final 2 bits form 

mouse 11 is shown in block diagram form coupled to a register address field which aUows a specific regist^ 

mouse It Data transmitter/receiver circuit 24 for R0-R3 within an addressed peripheral device to be 

mouse 12 is shown in block diagram form coupled to «> spedfied. In the preferred embodiment, the commands 

mouse 12. Date transmitter/receiver circuit 25 fiw have the following bit code: 

sketch pad 13 is shown in block diagram form coupled ■ 

to sketch pad 13. Data transmitter/receiver circuit 26 r^^^ code 

for keyboard 14 is shown in block diagram form cou- ~^ 

pled to keyboard 14. Date transmitter/receiver dicuits '' 

27 for respective extended address devices 15 are shown 

collectively in FIG. 1 by a single block diagram 27 

coupled to extended address devices 15. The talk command oidcn the addressed device to 

AU periphOTl devices have four renters in U« ^ ^^^ j^ ^^ ^ j^ j^^ ^^^^^^ 

fcrred embodmicnt to rec«ve dbito and simd data. For ^^ ^^^ ^^ addressed device to accept date from 

each device, register 3 talk and re^ster 3 hrt«i have ^^ ^^ computer and place it in one of its registers. 

stetus information such as device address and handler ^^ jj^^ command has an effect on each device which 

information. The remaimng registers are date registen .^ defined by the individual device. It can be used for 

which are device specific except register 2 hsten which ^ ^^j^ functions as clearing a register or resetting aU keys 

contains the extended addresses for extended address ^ ^ keyboard so that they will be sent again. Generator 

devices or device specific contents for soft addressed ^0 for generating the attention sipial. the synchroniza- 

devices, tjon signal, the commands, and the stop signal is shown 

In the preferred embodiment of the present invention. -^ pj^ j coupled to host computer 10. In FIG. 1, cir- 

there are three types of communication on the periph- 3^ ^mi^ 2I for transmitting date from host computer 10 

eral bus: commands, date and global signals. Commands ^^ receiving date from the peripheral devices is shown 

are sent from the host computer to the peripheral de- jj, ui^j^u diagram form coupled to host computer 10. 

vices, date is sent from the host computer to the devices When a peripheral devices is addressed to talk, it 

or from the devices to the host computer, and gXobaX ^^3^ respond within a certain period, called the "time 

signals arc special messages sent to the entire system. 35 ^^^^ period. The time out, "Tit", is approximately 140 

In the preferred embodiment date is encoded as the ^^ 26O microseconds (2 bit cells). The selected device, if 

ratio of low time to high time of each bit celL A bit cell jj does not time out, becomes active on the bus and 

boundary is defined by a falling edge on the bus. A performs its date transaction, and then "untaJks** itself 

"zero" is encoded as a bit cell in which the low time is and goes inactive on the bus. 

greater than the high time. This is shown in FIG. 2 by 40 Global signals are used for transactions which are 

bit cell 20. Therefore, a "1" is defined as a bit cell in neither commands nor date transactions. Global signals 

which the low time is less that the high time as shown include: attention and synch, which is used to signal the 

by cell 21 of FIG. 2. In the present preferred embodi- gtart of a command and to give initial bus timing; ser- 

ment, a start bit is defined as a "I". A stop bit is a •'0" vice request, a transaction that devices use to signal the 

which does not have an additional falling edge to define 45 host that they require service; and reset, used to issue a 

the bit cell time. The stop bit is used to synchr<mize the break on the bus by holding the bub tow for a minimum 

stopping of transactions on the bus. of "Tres", which is approximately 2.8 to 5.2 millisec- 

The period for each bit cell of command signals and onds, (40 bit cells). Global signals will be described in 

low speed date transmission is approximately 100 mi- more detail in conjunction with other transactions, 

croseconds plus or minus 30%. For high speed date 30 Since a peripheral device can only send date when it 

transmission, the bit cell is SO microseconds plus or has been commanded to talk by the host computer, the 

minus 1%. The format of a date transaction is a start bit present system provides a means for a device to notify 

(1), followed by up to 256 bits of date and ending with the host computer that it needs servicing. This is accom- 

a stop bit It will be appreciated that when other com- ptished by having the device send a service request 

munications media are utilized, other signaling methods S5 signal to die host computer. In the present invention, a 

may be utilized. service request is sent by holding the bus low after the 

Commands are sent only by the host. In the preferred stop bit of any command transaction. Each of the pe- 
embodiment of the present invention, there are three ripheral devices coupled to the bus include a number of 
commands; talk, listen, and flush. As shown in FIG. 6. registers (in the preferred embodiment four registers).' 
to signal the start of a command, an attention pulse is 60 FIG. 3 shows one of the registers for a peripheral de- 
sent out An attention pulse is generated by the host vice. Bit A13 has been identified as the service request 
computer by tranunitting a bus low for a period of enable bit When this bit is set high by the host com- 
"T-atm". In the preferred embodiment, T-attn is ap- puter, the device is enabled to hold the bus low after the 
proximately 560-1040 microseconds. The attention stop bit of a command transaction, as shown in FIG. 6, 
pulse is followed by a synch pulse to give the initial bus 65 if the device needs service. A device will keep request- 
timing. The ftrflowing edge of the synch pulse is used as ing service until it receives a talk command from the 
a timing reference for the first bit of the command. The host The flow chart in FIG. 4 shows the steps foUowed 
command is foUowed by a stop bit, (in the preferred by a device requiring service. 
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Block s4. If the coBmumd was not addressed to the ^address location, such as mouse ii ano 
"*"^^'^f«;'St'5:S"<S^^b^^ '^Sasituation.theho.twaich^.getheaddres.of 

S^SHilC^i^e^ .0 ;S:^=aS^«rac^r^£^^'P|| 
dw comnumd stop bit. Block 50. tsec r lu. o; """^ '" ^___„rt addressed to those devices. As shown m HG. 
vice then waits onta the next command is received from fT^ftnt^ of&e registers of the device) 
thehosttoseeifitwillbe addresed to talk. Block 43. ^^^'„^^~i^„^aTittAO through A7 
If the command is «ldres«d to the devjc^ Br^ch -^ ST^ a^^rh^^SH^ich tells the host com. 
U» device determines ^ « » « "'^^ fj^A^ 15 ^t^ tK^^of a device and the use of dau pro- 
5L If it is not a command to talk. Branch 52, the tJevioe a pu^ mc . through All 32, are an 

«ds a service request. Block 57, p«forms whatevw ^J-M Sc«i bTcl^BTwhen more thaa 
command is instructed. Block 58. and awaitt the ne« "ff ^J^Ij^^fAtWe <Z^ address, is cou- 
command. Block 43. If the commands, to talk. Brandh """^^^^^^^KS^ one of the soft address 
53.thedevicesendstad^BlockM^^«^tov^ ^tS^'^'^^t^S^Xs through All 32 which 
service request to be satisfied. Block «• J^e «tev»e w »^°^"V tiT command address for that device, 
continues to monitor itself to detwmme when it nee* *^. 'Srt%^Si^Wnocations contain a random 
service. Block 41. By blowing Uk host comp^ to "»^^* ^J^"^ ^ 'Section of collisions. For 
control the service request enable bit. more efficien l^^^J^JZc^r^y^udi. R3 command and 
operation of the bus is realized. When a service r^u^ ^i^^^S^t^s^e'nSther would detect a 
isWived, the host computer need °°>y^^'' *^,^ " ^^*^^w^ by toving random numbers in the 
vices whose service request bit was enabled whether ^™1 ""^f'^^-^l^ 3 ^j, the output of the two 
they need servicing. AdditioaaUy, t^^toSTr ^ ^ evelS^.^. When tharoccurs, one of 
can disable certain devices that are not requued for ^^^^^^^ J; ^ ^ujsion and stop talking. Bit 
particular applicadona. „^,„,„, 71 for 30 A12 34 is a high speed enable bit which if set, provide 

In FIG. 1, service request signal g«»«ator 71 to 30 ^"^"^^^^4 ^ j^ghcr modulation rate (50 
mouse 11 U shown in bkjck diagram form coupled to R>rff» T^^ w f™me> The hieh speed enable bit 
mousell.Servicerequestsignalgenerator72formou« |f ^""^ P^^^^t.^'the hST^^mpuu* is 
U is shown in block diagram f°™f ""P'ttTnTo^ ^le to ^vTda^ft^e higher modulation rate, it 
Service request signal gnierator ^3 for *eteh pad 13 « ^^'^f^^'^^ble bit low in each of the devices, 
shown in block diagram fonn coupled to *l«tch pad 11 35 ^^™^f^*^^^ ^ ^j^ ,„ ^^cept data at the higher 
Service request signal generator 74 for keyboard 14 b ^ "!,°^„~°^ 3^^ ^ device is able to transmit at the 
shown in block diagram form coupled to keyboard 14. »°?"^^°" 7^^„^tio„ being contained in the 
Service request signal generators 75 for respective ex- ^"/^^/j'^^t^j.The host computer sets the 
tended address devices 15 are shown collectively m ^^^l^^°l^^'^':Cilj the device. As previ- 

"^^.J 'Z " T!^t "^^ "" '=°"' " "' S'^t^^'b't A« I5 L'si^'i'eTequest Lble 

tended address devices 15. *„ H-t~-t ^-nlli which is set by the host to enable the device to perform 

When sending data, th. device is able to detect coUi- ~ ^^^^''^J^ transaction. Bits A14 36 and A15 37 

^FiatcollisionsensmgcircuitSlformousell. ^^-t/^J-Tiv"^ .tir^'co^d the de- 
shown in block '»»8ram form cou^ to mou^^ll- 45 J^^^^7Jt.^(h^^,r and address) to the host 

°;^,84forkeybo.rdl4isshowninblockdBig.am 50 "^^S^^Vj^iS^sK mock 101. the device 
formco«pledtol«ybo^l4.Co^se^c^ J^Sfe-^tcS^Tlf the line goes low, the 

85 for rcsepectivc extended address devices la arc xma iw a ♦»,-♦ th#w has been a collision, 

Lwn colSy in FIG. 1 by a single block diagnm. ^^ d«e«^ ^jSn^LS an~™ 
SS coupled to extended address devKes 15. If a penph- B^ IM, ^j,*'^j^^^V™llision. Block IM. The 
eraldevicetriestooutputalandthedatalmeisorgoo 55 ^'^^^f^°™^/„o^^dress. Block lOT. 

,0 a 0. the devtee assumes ^J^J^' "^S^^'iT^t ^h^,^^d r^ts the internal collision Hag of 

other device. This means th« another device b a^so =*=" "^ _ ^^ j^ ^^ to see if its collision bit is 

sending on the bus. When this happens the l-^^S device *« ^B«^==iJ^'=j?t^'^„^^^^^^^ bit is not set. Branch 109, 

untalks itself from the bus and preserves the data which xU ^^^^^^\^ through All to the soft address 
was being sent for retransmission. The device srts an 60 ^.^^'1^ = fte St«. R3 coLumd, Block 111. In this 

intemainagbitifitlosesacollision.Pnorartpenphend P^^f*j^/*^,^/^e^Z^g device is changed 

devices were unable to detect colhsons. This nove r?X^™^_ "ter^^^STtn^^ of the new ad- 

fe«ure of the present invention permits more effun^it T^* ^.Jf^^^P^^^^SI W is detected by the 

operation of the communications "edium By havmg ^'^ ™ f^^ R3 ^mmand, Branch 110, the de- 
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devices remam at the mouse address. In this sttuatioo 
the remaining mouse will send its start bit. Block 11^ 
not detect a collision. Branch 105, and send its status 
from register 3, ^ock 112. The host ccmqmter wiU send 
back a listen R3 command to the mouse address, Block 
107. The remaining mouse will not detect a collision Hi 
being set in this instance. Branch 109, so it will change 
bits AS through All of register 3 to the soft address 
received from the host computer, Block 111. The host 
computer then sends out another talk R3 command to 
the mouse address, Block 101. This time, since no mouse 
remains at that address, the bus is timed out and the host 
computer knows chat it has assigned new addresses to 
each of the mice sharing the mouse address. 

In one embodiment of the present invention, periph- 
eral devices have a device on them to indicate activity 
called the activator. The activator can be a special key 
on a keyboard or a button on a mouse. When more than 
one of a device is coupled to the bus, the host computer 
can display a message requesting one of the devices to 20 
use the activator. The host can then issue a listen R3 
command which will change the address of the device 
which is activated. In this manner individual devices 
can be located and assigned new addresses in multiuser 
applications. 23 

Thus, a peripheral device bus has been described 
which allows a plurality of peripheral devices to be 
coupled to a host computer through a single port 
We claim: 

1. An apparatus for transferring signals and data, 30 
wherein the signals and data are transferred under the 
control of a host computer from the host computer to 
first and second peripheral devices and from the first 
and second peripheral devices to the host computer, 
wherein the signals and data are transferred over a bus 35 
coupling the first and second peripheral devices to the 
host computer, and wherein the bus is normally in a 
logical first state, comprising: 
means, coupled to the first peripheral device, contain- 
ing a first bard-wired identification number as a 40 
first address of the first peripheral device; 
means, coupled to the second peripheral device, con- 
taining a second hard-wired identification number 
as a first address of the second peripheral device; 
means, coupled to the host computer, for generating 45 
a plurality of signals for transmission over the bus 
to at least one of the peripheral devices, wherein 
the plurahty of signals comprise an attention signal, 
a synchronization signal, one of a plurality of com- 
mands, and a stop signal, wherein the plurality of 30 
signals allow the host computer to control at least 
one of the peripheral devices, and wherein each of 
the plurality of commands includes an address of at 
least one of the first and second peripheral devices 
to which the command is directed; 53 

means, coupled to the first peripheral device, for 
generating a first service request signal for trans- 
mission to the host computer by holding the bus at 
a logical second state for a period of time after 
transmission of the stop signal, wherein the first 60 
service request signal indicates to the host com- 
puter that at least one of the peripheral devices has 
data to send to the host computer and requests a 
command from the host computer that would per- 
mit the peripheral device to transmit the data to the 63 
host computer, and wherein the transmission of the 
first service request «gnal is selectively enabled 
and disabled by the host computer; 



means, coupled to the seccmd peri p h er d device, for 
generating a second service request signal for 
transmisnon to the host computer by holding the 
bus at the logical second state for a pmxl of time 
after transmission of the stop agnal. wherein the 
second service request signal indicates to the host 
computer that at least one of the peripheral devices 
has data to send to the host computer and requests 
a command from the host computer that would 
permit the peripheral device to transmit the data to 
the host computer, and wherein the transmission of 
the service request signal is selectively enabled and 
disabled by the host computer; 
means, coupled to the host computer, for transmittittg 
data from the host computer to at least one of the 
peripheral devices over the bus; 
means, coupled to the first peripheral device, for 
transmitting data over the bus to the host ccunpoter 
from the first peripheral device if and only if one of 
the plurality of commands received by the first 
peripheral device from the host computer is a com- 
mand to transfer data from the first peripheral de- 
vice to the host computer; 
means, coupled to the secoml peripheral device, for 
transmitting data over the bus to the host computer 
from the second peripheral device if and only if one 
of the plurality of commands received by the sec- 
ond peripheral device is a command to transfer 
data from the second peripheral device to the host 
computer; 
first collision sensing means, coupled to the first pe- 
ripheral device, for setting a collision detect bit to 
the logical first state from the logical second state 
when the first peripheral device attempts to trans- 
mit data in the logical first state on the bus but the 
bus is in or goes to the logical second state, wherein 
the first peripheral device stops transmitting data 
after the collision detect bit is set to the logical first 
state, and wherein the first collision sensing means 
provides a control over access to the bus by the 
first peripheral device; 
second collision sensing means, coupled to the second 
peripheral device, for setting a collision detect bit 
to the logical first state from the logical second 
state when the second peripheral device attempts 
to transmit data in the logical first state on the bus 
but the bus is in or goes to the logical second state, 
wherein the second peripheral device stops trans- 
mitting data after the collision detect bit is set to the 
logical first state, and wherein the second collision 
sensing means provides a control over access to the 
bus by the second peripheral device; and 
means, coupled to the host computer, for storing (1) a 
first number at a first soft address location and (2 ) 
a second number at a second soft address location, 
wherein if a collision is detected and is the result of 
the first hard-wired identification number being the 
same as the second hard-wired identification num- 
ber, then the host computer (1) sends the first num- 
ber stored at the first soft address location as data 
over the bus to the first peripheral device for stor- 
age by the first peripheral device as a second ad- 
dress of the first perif^eral device and (2) sends the 
second number stored at the second soft address 
location as dau over the bus to the second periph- 
eral device for storage by the second peripheral 
device as a second address of the second peripheral 
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device, wberetn the first number is different Ihmi 
the second number. 

2. The apparatus of claim 1 for transferring signals 
lad data, wherein 

the first peripheral device includes a register for stor- 
ing the fint number as the second address ot the 
first peripheral device, and 

die second penpheral device includes a register for 
storing the second number ac die second address of 
the second peripheral device. 

3. The apparatus of claim 2 for transferring signals 
and data, wherein 

the means for generating the first service request 
signal includes a first service request enable bit that 
can be selectively set by the host computer to the 
logical first sute and the logical second state, 
wherein if the host cwnputcr sets the first service 
request enable bit to the logical first state, the 
means for generating the first service request signal 
is enabled to send the service request signal to the ffl 
host computer, wherein if the host computer sets 
the first service request enable bit to the logical 
second state, the means for generating the first 
service request signal is disabled irom sending the 



10 



19 



first service request signal to the host cranputer, 25 ^^ ^^ wherein 



5. The apparatus o( cUdm 4 for transferring signab 
and data, wherem the logical first state is a logical high 
state and the logical second stote is a logical low state. 

«. The apparatus of claim 5 for transferring signals 
and data, wherein at least one of the first and second 
peripheral devices comprises a mouse. 

7. The apparatus of cUim 5 for transferring signals 
and data, wherein at least one of the first and second 
peripheral devices omiprises a sketch pad. 

8. The apparatus of claim 5 for transferring signals 
and dats. wherein at least one of the first and second 
peripheral devices comprises a keyboard. 

9. The apparatus of claim S for transferring signals 
and data, wherein the first and second collision sensing 
means each includes pulse detection circuitry for de- 
tecting that the signal on the bus is in a logical low state. 

la The apparatus of claim 9 for transferring signals 
and data, wherein the signals sent over the bus are in a 
retum-to-zero encoding ftnmat 

11. The apparatus of chiim 5 for transferring signals 
and data, wherein the plurality of commands comprise 
a talk command, a listen command, and a flush com- 
mand. 

12. The apparatus of claim 5 for transferring signals 



and 



the means for generating the second service request 
signal includes a second service request enable bit 
that can be selectively set by the host computer to 
the logical first state and the logical second state, 30 
wherein if the host computer sets the second ser- 
vice request enable bit to the logical first state, the 
means for generating the second service request 
signal is enabled to send the serivce request signal 
to the host computer, wherein if the host computer 35 
sets the second service request enable bit to the 
logical second state, the means for generating the 
second service request signal is disabled from send- 
ing the second service request signal to the host 
computer. ^ 

4. The apparatus of claim 3 for transferring signals 
and data, wherein 

the means for transmitting data from the first periph- 
eral device includes an internal flag bit that can be 
selectively set by the first peripheral device data 45 
transmitting means to the logical first sUte and the 
logical second state, wherein the first peripheral 
device data transmitting means sets the internal flag 
bit to the logical first state if the first peripheral 
device has data to send to the host computer, and 
wherein the first peripheral device data transmit- 
ting means sets the internal flag bit to the logical 
second state after the first peripheral device data 
transmitting means has sent the data to the host 
computer; and 

the means for transmitting data from the second pe- 
ripheral device includes an internal flag bit that can 
be selectively set by the second peripheral device 
data transmitting means to the logical first state and 



the means for transmitting data from the first periph- 
eral device includes a first high speed enable bit 
that the host computer can selectivdy set to the 
logical first state and the logical second state, 
wherein if the first higt speed enable bit is set to the 
logical first state, then the first peripheral device 
data transmitting means transmits data at a first 
modiilation rate, wherein if the first high speed 
enable bit is set to the logical second state, then the 
first peripheral device data transmitting means 
transmits data at a second modulation rate; and 

the means for transmitting data from the second pe- 
ripheral device inciodes a second high speed enable 
bit that the host computer can selectively set to the 
logictti first state and the logical second state, 
wherein if the second high speed enable bit is set to 
the logical first state, then the second peripheral 
device data transmitting means transmits data at 
the first modulation rate, wherein if the second 
high speed enable bit is set to the logical second 
state, then the second peripheral device data trans- 
mitting means transmits data at the second modula- 
tion rate, wherein the first modulation rate is 
higher than the second modulation rate. 

13. The apparatus of claim 12 for transferring signals 
and data, wherein the logical first state is a logical high 
state and the logical second state is a logical low state. 

14. The apparatus of claim 2 for transferring signals 
55 and data, fiirther comprising a third peripheral device 

coupled to the host computer by the bus, wherein the 
third peripheral device includes means that includes (I) 
a third hard-wired identification number as a first ad- 
dress of the third peripheral device and (2 ) a register 



50 



the logical sec^ sUtc. wherein .he second pe- 60 fofr^ilJill'f'l.^lli^rj^rr^f.f ^hSI^^ 



ripherai device data transmitting means sets the 
internal flag bit to the logical state if the second 
peripheral device has data to send to the host com- 
puter, and wheiein the second peripheral device 
data transmitting means sets the intenial flag bit to 65 
the logical second state after the second peripheral 
device data transmitting n^ans has sent ^e data to 
the host computer. 



third peripheral device, wherein when the host com- 
puter sends over the bus the first address of the third 
peripheral device and a signal that matches the ex- 
tended address of the third peripheral device, the third 
peripheral device is initially activated, and wherein 
•when the host computer then sends over the bus a sub- 
sequent command to the first address of the third pe- 
ripheral device, the command is executed by the third 



I Page 



0011 of 0012 



Apple Computer Inc. Patent : 4_910_655 



13 



4,910,635 



14 



periphenU device without the host computer sending 
the extended address of the third peripheral device. 

15. The ai^iaratus of clatm 14 for transferring signals 
and data, further comprising a fourth peripheral device 
coupled to the host computer by the bus, wherein the 
fourth peripheral device includes means that includes 
(1) the third hard-wired identification number as a firrt 
address of the fourth peripheral device and (2) a register 
for storing a fourth number as an extended address of 
the fourth peripheral device, wherein the fourth num- 
ber is different firom the third number, wherein when 
the host computer sends over the bus the extended 
address of the fourth peripheral device after the third 
peripheral device has been activated, the fourth periph- 
enl device is initially activated and the third perifdierd 
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device is deactivated, and wherein when the host com- 
puter then sends over the bus a subsequent command to 
the first address of the fourth peripheral device, the 
command is ^tecuted by the fourth peripheral device 
without the host computer sending the extended ad- 
dress of the fourth peripheral device. 

16. The apparatus of claim 15 for transferring signals 
and data, wherein at least one of the first and second 
peripheral devices comprises an appliance. 

IT The apparatus of claim 15 for transferring signals 
and data, wherein at least one of the first and secc^l 
peripheral devices comprises a system protection de- 
vice. 
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